Objectives: Human histology is a discipline concerning the study of microscopic structures of human tissues and organs -with the aid of light or electron microscopes. Traditional teaching of histology is composed of two separated components, theory and practice. The main disadvantage with traditional histology teaching is the detachment of theory and practice, so that students could not completely and systematically comprehend histology. Methods: To supplement the deficiencies of traditional histology teaching, we implemented the integrated curriculum of the theory and practice on histology at Jinan University School of Medicine. The aim of the integrated curriculum is to enhance students' learning efficiency. During the course, teaching patterns as "lecture-practice-lecture-practice" and "practice-lecture-practice" were alternatively employed according to the content. We attempted to guide students to verify the theory using practice, and to conduct practice simultaneously using theoretical knowledge. Results: We assessed the tests scores of students participating and non-participating in the new integrated curriculum at the end of semester. We found that the average test score, pass rate and excellent rate were significantly higher in participating than non-participating students. The follow-up questionnaire survey revealed that the better exam results was derived from maximizing the use of time in class, encouragement of students' learning initiatives, mastering of key points and arrangement of theory and practical teaching more appropriately in the integrated course. Conclusions: Our results demonstrated that integrated teaching indeed improved the students' histology learning outcomes.
Introduction
Human histology, also called microanatomy, is a discipline concerning the study of microscopic structures of human tissues and organs -with the aid of light or electron microscopes. Histology is one of the compulsory courses for medical students, since it allows the students to acquire basic knowledge of normal tissues and organs before their proceeding courses in pathology and pathophysiology. As an anatomical sub-discipline, the histology curriculum for medical students is usually delivered in the second semester of 1 st school year in China. Until several years ago, all of the histology and embryology courses were taught in the traditional manner at Jinan University School of Medicine. It consisted of didactic lectures given in the classrooms and then followed by laboratory practical where students are expected to master the microscopic features and functions of various tissues and organs by themselves. The time proportioned to theory and practical is 1:1. Hence, one major problem that students encounter is that they may have forgotten the theories taught during lectures before they attend their histology practical classes several days later. In addition, the traditional teaching format can also make medical students lose interest in learning histology because they have to first memorize the morphology of many kinds of cell and tissue types from their lectures or textbooks before their histology practice.
In contemporary Chinese society, it was often complained that the new doctors were lack of practical experiences but overloaded with theoretical concepts. However, this does not imply that medical students spend less time on practicing various disciplines in medical school (Huang et al., 2014; Sun et al., 2012) . Specifically, these phenomena might not only exist in China. The young clinical doctors, who undertake intensive work in hospitals, have to continue studies to satisfy the numerous demands in clinical setting. Some reasons account for these problems, such as the medical technology advances, emergence of new diseases, and extension of related medical knowledge (Klement et al., 2011) . However, the effectiveness of the traditional medical teaching system has also been questioned, whether it is adapted well to the current needs of modern medicine, and the current requirements in interdisciplinary pre-clinical and clinical practice (Custers & Cate, 2002) .Traditionally, most of medical educational approaches include didactic lectures given in the classrooms and followed by laboratory or clinical practical days after, where students are expected to verify and master the theoretical knowledge. There is clearly an unacceptable time gap between theory and practical teaching amongst different medical disciplines, as well as within a single discipline like histology. The main disadvantage with traditional histology teaching is the detachment of theory and practices, so that students could not completely and systematically comprehend histology. Unnecessary redundant teaching hours must be used to link up the contents. Therefore, we should re-think about the traditional teaching approach.
In recent years, some new teaching approaches such as problem-based learning (PBL) has been the dominant format for teaching medicine in more and more medical schools around the world (Fincham & Shuler, 2001; Trappler, 2006) . Integration of the medical curriculum presents learning not only in vertical direction between basic and clinical science but also in horizontal non-discipline specific courses (Hassan, 2013; Ward, 2010) . There is no doubt that integrated medical courses have initiated a radical movement from traditional curricular format in medical education (Muller et al., 2008) . As a backbone of medical science, anatomy is generally integrated into the clinical relevant normal human biology. The anatomical curricular changes in the integrated course include placing laboratories and lectures more consistently, decreasing didactic lectures, eliminating unnecessary duplication of content, and increasing students engagement of self-regulated learning time (Hoffmann & Swailes, 2014; Jonassen et al., 2016; Klement et al., 2011) . Integrated medical courses have been gradually accepted by many medical schools, because they appear to improve student learning attitude and satisfaction in comparison with traditional forms of learning. Nevertheless, due to the complexity of integrating a curriculum, only 19% of medical courses in the United States, 24% in Canada and less than 3% in China have adopted integrated teaching methods in undergraduate medical education (Huang et al., 2014; Spencer et al., 2008; Sun et al., 2012) .
In particular, unlike gross anatomy, medical students may lose the macroscopic perspective during observation of the much smaller structures by microscope. Another dilemma is that they may not readily be aware of the importance of histology. However, the ability to understand the change of cells and tissues in pathology situation, provides the future doctors with the knowledge to interpret symptoms and make diagnosis. Therefore, in order to put the available teaching-learning time to better use, and get a better outcome of histology teaching, we integrated the theories and practice into a new curriculum and implemented it at Jinan University School of Medicine. Our teaching staff have tried to ensure that the medical students are not only well-versed in theoretical acknowledge but also know how to apply it during practice. In this context, we produced a novel histology curriculum where the theoretical teaching was implemented simultaneously with laboratory demonstration. It was designed to remove the temporal-spatial barrier that existed in the traditional mode of learning, and to promote students' ability to study efficiently and generate interest in histology to obtain a better learning outcome. We investigated the effectiveness of our new intergraded histology teaching by comparing it with the traditional form of teaching.
Methods

Study Design
The pilot histology curriculum was conducted in Clinical Medicine students at Jinan University School of Medicine. The traditional teaching was used as the control. In the traditional teaching pattern, histology theory and practice were separately taught to medical students. The content of the integrated course was exactly same as the content of traditional histology teaching but was delivered differently. The same histology textbook was employed for both groups of students. Moreover, the two groups of students were tested with the same examination papers, and the papers were graded by same teachers at the end of semester. Simultaneously, questionnaires were designed using Sojump to obtain feedbacks from students participating in the new integrated histology course.
Participants
The pilot integrated histology curriculum was conducted in medical students enrolled from overseas in 2014 at Jinan University School of Medicine. The histology curriculum is offered to sophomore oversea Chinese students of Clinical Medicine during the 3 rd semester. The total time allocated to histology teaching is 108 hours, in which 54 hours are assigned for theoretical lectures and 54 hours for laboratory practice. In our traditional didactic teaching, the theoretical session occupies a full 120-minute lecture in the classroom per week, and laboratory practice is a 120-minute long of viewing histological slides. A total of 24 Clinical Medicine students were recruited on a www.sciedupress.com/ijhe Institutional review board (IRB) approval was not requested for the present study, because no sensitive personal information was involved. All data were anonymized. All participants were provided with oral and written information about the nature of the study, and informed that they could withdraw from the study at any time. Confidentiality was assured by keeping the materials de-identified in the transcripts, and the data in this study were only accessible to the authors.
Curricular Implementation
The integrated histology course was taught in the morphology laboratory twice a week and 120 minutes long every session. The theory and practice were allocated in a 2:1 proportion. In the course, teaching patterns "lecture-practice-lecture-practice" and "practice-lecture-practice", were alternatively employed according to the content. Here, we focused on the Epithelial Tissues session as an example to illustrate how we implemented the integrated teaching regime in each histology session (Table 1) . "Lecture-practice-lecture-practice" was employed for teaching epithelial tissues. The teacher first explained the definition and characteristics of epithelial tissues, and then guided the students to recognize epithelial tissues and cells under the microscope by themselves immediately after the theory teaching. The students would realize that the cells are closely packed and there are less extracellular matrix in epithelial tissue, since the teacher just taught the subject. The teacher would teach the next session after students have completely mastered the histology of epithelial tissues. This approach is similar to that of the traditional teaching format. However, the difference is mainly to adjust the time interval between theory lectures and student laboratory practice. Another pattern was adopted as "practice-lecture-practice-lecture", for example this was employed in the study of muscular tissues. Firstly, teacher would guide students to observe three types of muscles in order to let them acquire perceptual knowledge of these tissues before lectures. Then, the lecture would follow where students are taught the characteristics of various muscle tissues based on their practical observations. Subsequently, the students were asked to observe the histological slides of muscles again.
Data-collection Methods
The test scores of the two groups of students were collected from their final examination papers by two members of the research team independently. Respondents completed all surveys online. Their responses populated an www.sciedupress.com/ijhe anonymous, confidential database in Sojump that captured de-identified aggregate information. All surveys collected were reviewed and generated the results.
Data Analysis
Statistical and graphical analysis was performed by GraphPad Prism 5 software package. Two tailed t-test was used to compare the test scores of integrated course participants and non-participants. The data generated were presented as mean ± standard deviation (SD). The experimental group was considered to be significantly different from the control when p<0.05, and highly significantly different when p<0.01.
Results
Pilot Integrated Histology Theory and Practice Teaching Delivered to 2 nd Year Medical Students
The pilot study for integrating histology theory and practice teaching was designed for medical students enrolled from overseas in 2014 at Jinan University School of Medicine. Total 69 medical students were enrolled and 24 of these students voluntarily participated in the pilot study, while the remaining 45 non-participants acted as the control. The class venue was in the morphology laboratories based at Jinan University Medical School. The laboratories housed histology slides, light microscopes, computers with digital panorama imaging system and internet access for every student. The content of the integrated course is exactly same as the content of traditional histology teaching.
Pilot Integrated Histology Course Improved the Test Scores of Medical Students
To assess the effectiveness of the integrated histology teaching, we analyzed the test scores of the participants (n = 24, experimental) with non-participants (n = 45, control) at the end of the semester. The results showed that the average test scores for participants of the integrated teaching and non-participants were 75 ± 3.46 and 63.96 ± 2.53, respectively. This indicates that the new integrated histology courses significantly enhanced the learning outcome of participating students (Figure 1, p=0.012) .
Figure 1. Comparison of test scores from students taught by traditional and integrated teaching methods
Participants (n=24, experimental) and non-participant students (n=45, control) of the integrated histology course took the same histological examination at the end of semester. The 100% points system was used in the exam. The bar chart shows the comparison of students' average scores from traditional and integrated teaching groups. *p<0.05 indicates significantly difference between both groups.
The effectiveness of the integrated histology teaching was further evaluated by analyzing the pass rate and rate of excellence in the histology examination (Figure 2) . At Jinan University School of Medicine, we used a 100 percentage point system in the histology examination and a pass grade was awarded if the score was over 60%. The score was considered as excellent if it was over 80%. The results revealed that the pass rate of integrated course-participants (experimental) was 88% which was much higher than students taught by traditional didactic teaching (74%, control). Furthermore, the excellence score rate for participants was 45%, which was significantly higher than non-participants, 12% (Figure 2 ). Both sets of results suggest that integrating histology theory and practical teaching enhances the learning outcome of histology in medical students. The test scores of the same population of medical students were analyzed. It was based on how many students pass the examination and how many students obtained an excellent score -taught by either traditional or new integrated methods. The bar chart shows the comparisons of the pass and excellent rates of both groups of students.
The Questionnaire Survey Revealed that the Medical Students Benefited from the Format of Integrated Course
A questionnaire was designed to obtain feedback from all students that had participated in the pilot integrated histology course. The aim was to collect useful information from the students' perspective, besides assessment of students' test scores. In the questionnaire, one of the questions asked was related to whether or not the integrated course was able to maximize the students' learning time. It was established that 61.5% of the integrated course-participants agreed while 23.1% participants disagree and 15.4% did not know ( Figure 3A) . We also asked whether the pilot course inspired student's interest in histology, 75.4% of participants agreed while 6.2% disagreed ( Figure 3B ). The vast majority of participants (87.1%) think that the format of the integrated course enhanced their understanding of the key concepts in histology as oppose to traditional didactic teaching, and only 4.4% of participants disagreed ( Figure 3C) . The students were asked if the time allotment between theory and practice is appropriate in the integrated course, 72.3% participants answered yes and only 7.3% said no ( Figure 3D ). In summary, we can conclude that the majority of participating students have a positive view of the integrated histology course. 
Discussion
The traditional method of teaching histology at Jinan University is consisted of a didactic lecture followed by a practical session. The advantage of this format includes its systematisms and integrity of the teaching agenda (Dahle et al., 2002) , so that medical students are able to systemically study basic knowledge of medicine. The critical shortcoming of this format is the gap between theoretical study and practical application in laboratory. During the lecture, the teacher explains the microstructures of tissues and cells based on pictures in the textbooks, which would not immediately impact on the students in the classroom. This in turn could make it difficult for students to understand the theory of the histological structures being taught. Teachers may have to repeat the theoretical content when students attend the histology practice -since there is a time lag between the lecture and following practice (Tsinopoulos et al., 2014) . Hence, we have found the teaching outcome was not as satisfactory as we wanted due to the extra time being used during the practical session to repeat theories already taught during lectures. In contrast, in our pilot integrated histology course, we determined that student learning initiative and efficiency were dramatically improved and this was reflected in their end of semester examination results. The average test score of the integrated course students was significantly better than students taught using the traditional teaching method. Likewise, the pass rate and the excellence rate for the integrated course were also significantly higher than the traditional form of teaching.
The effectiveness of the integrated histology course was highlighted by the examination result which was much higher than expectation. We decided conduct a questionnaire survey to understand the reason for the dramatic improvement in participating students. The questionnaire showed the participating students were able to maximize the use of their study time in the integrated course without extra hours being added. The questionnaire also revealed that the format of the integrated course enhanced interactions between teachers and students, which inspired the students to take greater interest in histology. The students suggest that the close spatiotemporal interaction between teachers and students allow them to better understand the key concepts in histology. The students also mentioned the arrangement of class schedule was more reasonable than in our traditional teaching. Taken together, all these positive factors additively improved the learning outcome in the integrated histology course.
In the feedback from participating teachers, the majority supported the integrated course. They observed students were more enthusiastic and improve their study outcomes. However, most of them admitted that they had to spend more time preparing for the integrated course than in the traditional teaching format. It was a challenge for them to balance their time between teaching and scientific research. Another important requirement of the integrated course is the classroom setting and number of teachers. Since the course is set in the morphology laboratories, the capacity for hosting students is limited. If the integrated course is extended to all medical students, we would require more laboratories equipped with digital panorama imaging system and multi-media teaching system to satisfy the teaching needs (Kumar et al., 2006) . Likewise, more histology tutors are needed to guide students in the integrated courses. From the point of view of both students and teachers, the integrated course is inelastic since they have been used to the traditional teaching format.
Conclusions and Limitations
The tutors should consider the following advantages with the integrated course: 1) it resolves the disconnect problem between histology theory and practice -keeping the integrity of histology teaching; 2) it reduces the repetition of teaching histology theory during practical lesson -enhancing teaching efficiency (Pipas et al., 2004) ; 3) it increases interaction between students and teachers -promoting student interest in histology; and 4) it helps teachers identify students with problems while observing histological slides and immediately solve it. In this context, we propose that integrated histology teaching is a better mode for learning histology and meets the increasing needs to modernize medical education. The results generated from our investigation will indicate whether the integrated approach could be applied to other disciplines such as the teaching of gross anatomy.
Undoubtedly, several limitations in this study should be discussed. The first limitation is that all of the participants of the trial were volunteers. It is possible that the volunteers may have different characteristics and abilities from non-participants, example as self-guided learning, motivation and independence. In order to generate a more robust comparison, participants should be randomly selected to prevent potential biases. Moreover, this study only involved a relatively small sample of medical students and the results were extrapolated from and pertained primarily to histology teaching. Therefore, the integrated course should be extended to other medical disciplines and conducted on a larger pool of medical students to avoid result biases. Achieving more integration among topics is our ultimate goal to be accomplished step by step in the future years.
